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Module No: 

^ ^ ■ 


Module' Title: 

X Chlorine' in Water 


Topics: 

Introduction 

Ampermetric Method 

DPD Spectrophotometri c Method 

Use of Comparator of Kit Methods 

Summary 


Approx. Time: 


Objectives: 



Upon completion of this module the participant will -be able to: 
Determine tue amount of free and residual chlorine in a water sample. 



Instructional Aids: 
Handout:s 



Instructional Approach: 

Lecture \ 
Lab- . i 
Discussion \ * 



References: : 

! 

Standard Me^:hods, I4th Ed. 

EPA Effluenjt Monitoring Procedures 



Class Assignnvcnts: 
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Instructional Aids 
Handouts 

Haadouts ma^y be copied directly. 

Lab supplies and apparatus 

Supplies and afDparatus should be supplied per handouts so that participants 
may work in groups of 2 or 3. 
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Module No: 


Module Title: 

Chlorine in Water 








Submodule Title: 






Approx. Tire: 










Topic: 

Introduction 



Objectives: . v . 

When the participant completes this topic they should be able to: 

1. Diffeirentiate between free and residual chlorine. 

2. List four; hiethods for free and residual chlorine analysis, 

3. Indicate ^r\d demonstrate--proper sampling procedures, 

4. Explain why a sanple tcannot be preserved. 



1 



Instructional Aids: 
None 



Instructional Appr^oach: 
Lecture 



r 



References: 
Standard Methods 

AWWA " Water Chlorinaticn Principles and Practices 



Class Assignments: 



/ 
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Topic: 

InWoduction 



A 



Instructor Notes: 



Instructor Outline: 



1. a. Differe^ntiaite between free and residual 
chlorine. 



b. Indicate When each is tested. 

2. List and describe methods for chlorine analysis 

a. Kits j ^ 

b. Amperometric | 

c. .DPD Spectrophotometric 

d. Orthotolidine 

e. Titri metric 

3. Discuss sampling for chlorine / 

4. Explain why a sample'cannot be preserved. 
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_ >lodule No: 



/ 



App|X)x. Time: 



Macule Title: 
ChtorineSiiJrfater 



Submodule Title: 



Topic: 

Amperometric Method 




Objectives: 



When, the participant completes this [topic they shouldTJB~-abJe^: 



1. Identify the proper apparatus and reagents needed for the amperometric 

method of residual chlorine analysis. ^ ^ . 

2. Conduct a chlorine .residual tesi by the amperometrlc-iiiethod^gi ven proper 

test equipment and reagents. ! ■ - — 

3. Translate^the raw results of test into proper units of expression. 



\ 



Instructional Aids: 
Handout 

Lab supplies per hBQdIout. 



nstructional Approach: 

Lecture 
Lab 



References: 

\\ Manuals for Amperometric Jitrators 

1. Standard Methods, 14th Ed. 

3. EPA effluent Monitoring Procedures 



Class Assignnicnts: 



A' ' , 'J A 
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Module Ho 


Topic: 


\ 


Instructor Note?,^^^^^^ 


Instructor Outflr.e: 


Handout 
Page 9 - 17 




/ 

1. List and identify apparatus and reagents needed 
,for the method. \ 




} , 


2, Demonstrate the free and residual chlorine lest; 
Have participant conduct test. 






3. .Demonstrate' calculation procedure. 


c 


/ 
/ 


Have participants do calculations. 


e 


t 

J 

N 


1 

I ' ''^ 

\ 
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Effluent Monitorfng Procedure: Amperometnc Determination of Free and Combined 

Residual Chlorine in Water 

1. Analysis Objectives ' . . « ' 

\ 

2. Brief Description of Analysis* ^ ' 

1. The operator will be able to perfonri an anperometric titration for the \ 
determination of free and combined residual chlorine in water. 

2. Free available r^esidual chlorine and combined residual chlorine are 
titrated successively using! an amperometnc titrator. The free available ^ 
residual chlorine is titrated first. The sample pH is then dropped to 4 

by adding buffer solution \M\ and then potassium iodide is added to the 
sample. The firsf^titration will represent the free available residual 
chlorine while the second titration will represent the combined residual 
chlorine. 



General Description of Equipment used in the Process > \^ 

A. Capital Equipment 

i 

1. Amperometric Titrator Assembly - Wallace and Tiernan** 

B. Reusable ^ 

1. 1 pipette (1 ml capacity) * ' * v 

2. 1 pipette (5 ml capacity) 

3. 1 sample cup (to contain 200 ml) 

♦Standard Methods for the Examination of Water, and Wastewater, 13th Ed., 1971. 
APHA, Washingtt^n, D. C, p. 112. . i 

\ \ \ 

**Menti<)n of a specific brand name does not constitute endorsement by the 

M. S: Environmental Protection Agency. 

10 
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4. 1 plastic squeeze bottle 
C. Consumable* 

1. 1 bottle phenyl arsene oxide solution 0.00564 N (16 ounce) 

. 2. 1 bottle pH 4 buffer solution (4 ounce) *' 

3. 1 bottle pH 7 buffer solution (4 ounce) 

4. 1 bottle .potassium iodide solution (4 ounce) 

5. 1 bottle sodium chloride electrolyte tablets (8 ounce) 

0 
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♦Consumable reagents listed are available from Wallace & Tieman Industrial 
Products Division, 25 Main St., Belleville, NK 07109 '/ 

II 



/ 

/ 



/ 

/ 
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/ 

A* /Equipment Preparation / . 

1. Set up titrator on work bench^ * / 
a. Electrit outlet 110 volt required. 



/ 



b. Amperometr'ic -titrator assenfcly, avail a0e from Wallace and 



Tiernan Corporation , / / 



/ ' / 

Z. Select proper pipette for titT7ation / 

Two pipettes are furnished with ^e titrator. The 1 ml pipette / 
is generally used when/4he residual is less than 1 mg/1^ A 5^ • N 
pipette Is' for use with liigher'^resi duals. / 



Ligh^y grease the Iqwer end andMr^sert it in the top of the pump 
unit on the side of the titrat^* 



/ 



4. Fill the punp%speeze bottle/about 2/3 to 3/4 full with phenyl arsene 
oxi dissolution. / ^ ' ^ - ^ 

5. Screw ^th^ bqttle on to /{he pump 
a. It ts easier to tiim the bottle than the cap. 

6. Pour sufficient electrolyte tablets into. the cell unit to fill the 
chanter about 2/3 full. . 

7. Add enough distilled water to cover the tcblets. 
a. Use a mastic squeeze bottle. 

8*^ Plug the/ce31 unit into the titrator. 

■ . 
a. T|)e cell is so designed, -that it cannf>vJ>e plugged in except in the 

correct posii:ion. ' . ^ \^ 

9\. Examine the titrator cup. The cup has a line indicating the 200 ml 

I' * . / 

level. / . * 

v ' 

a. Whenever the term "sample" is 'used in these instructions it shall 

\ 

me^ a 200- ml volunj^f the water to be tested. 



Detentririation of Free Available Residual Chlorine 

1. -Plug the electrix power plug .Into a source of 115 volt, single phase, 
60 cycle A.C, current ♦ 

2. Fill the pipette with phenyl arsene oxide solution. 

a. Altevtiately squeeze and release the squeeze bottle. 

3. Remove all air from the pipette and plasti^c tubing by r^qtating the red 
knob in the stem unit 1/4 turn counter-clockwise. \ 

a. The pipette should drain through the plastic tubing, _ : 

4. Catch the discarded solution in^a 50 ml beaker. 

5. Refill the pipette to the top (zerb) calibration mark. 

^. Add sample wa^er to the cup* Adjust the level to the line, 
a. The volume of sample is 200 ml.- 

7. Place the cup on the titrator. 

a. The top edge of Jthe cup should ^^o behind the cup guide post. 

b. The bottom of the cup should rest on the support post. . : : 

c. The plastic tubing from the pump should bejsubmerged'^in the sample 
about 1/16 InchT If necessary, adjust the^^ibing on the guide 
post to obtain this condition. 

8. Add 1 ml of buffer solution pH 7 to the water sample. 

a. The droppers furnished with the titrator are 1 ml units. A 
dropper full 'of solution should be used wherever 1 ml of solution 
is called for. 

b. che pH of the sample is between 6.0 and Z.5 it is Dot necessary 
to add buffer. 
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, 9. Start the agitator by turning the switch to "ON". 

10. Adjust the meter to make the pointer read maximum on the scale. 

a. Rotating the adjusting knob clockwise should increase the reading. 

b. If the pointer is above maximum when the adjusting knob^'is rotaced 
completely, counter-clockwise* then the titration should be started 

It 

with the knob in this position. 

11. Start adding small amounts of titrant and note the deflection of the 

meter scale after each- addition. 

- - - - "._ _ _ « 

a. If free available chlorine* is present in the sample and if-the-^ — - 

pointer is on scale at the beginning of the titration, then the 

first addition of titrant should cause a definite pointer movement ^ 

to the left.. If the pointer goes below zero then it should be 

brought back on scale by rotating the adjusting knob clockwise. 



12. Continue the addition of small amounts of titrant until the addition 



of .titrant no longer causes a-deflection of the needle:^^ 



a/ In most.waterl the end-point of the reaction is just passed when 



the addition of a small amount of titrant no longer deflects the 
pointer to the left. . ^ 

b. The amount of titrant used in the' titration js then read from the 
pipette and the last increment is subtracted from the pipette 
reading and the resultant figure represents the free available 
* residual chlorine in mg/1. ^ 

13. Subtract the last reading from the previous reading. 

14. The reading on the pipette represents^fhe amount of free available 
chlorine in mg/1 . / . 



y- - - 



*' 



Rage 14. 
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15^ Turn instrument "OFF". 
16.. Record yooC^result. 
C. Determination of combined residual chlorine , - 

1. Repeat steps 1 through 7 of the free available chlorine procedure if 
the free available chlorine determination has not been performed* 
a. The general procedure for measuring total residual chlorine is 
the same as that given for measuring free available residual 
chlorine. 

Z. If you have just completed the free chlorine determination, ,you„can_^ 



continue the use of the same sanple for ^ this determination. 

3. Add 1 ml of buffer solution pH 4 to,, the sample. 

' )' - 

a. Use the dropper to add the buffer solution. " ^^ 

4. Add 1 ml of potassium iodide solution to the water sample'; 

- ■- ■• ^ 

a. Use the dropper to add the potassium iodide solution. ' 

Ik 

J).- When potassium iodide is added, the pointer may first deflect 

to the^left and then go up-scale* ^ ^ - ^ 

5. *Follow steps 9 through 16 if the previous procedure for the 
determination of free available chlorine. In this case the result 
is reported as coihbined residual chlorine. 

a. Free availably residual chlorine and combined residual chlorine 
may be measured in one sample by combining the two procedures. 

b. The free available chlorine is measured first. The sample pH is 
then dropped to 4 by adding buffer solution pH 4 and then 
potassium iodide. 
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Notes : 



c. If contined residual chWine i? present, the pointer Will defleci-7^ 
to the right when potassium iodide is added. 

d. The first titration will represent the free available residual . v 
chlorine while the second titration will represent the combined 
residual chlorine. 

The fundamental chemicsl procedure involved in, the amperometric 



titrator is the neutralization of an oxidi^?ing agent (free available chlorine) 

in a sample of water by the addition of a reducing agent of known strength. [ 

Ininer^^Jn^Jthe _samfyle_ce^^ direct current which 1i/ 

proportional to the free chlortne present on a'nticroammeter wfjjch is connected 
to the cell current decreases, and the microammeter pointer moves down scale. 
The end point of the reaction occurs when enough reducing agent has been added 
to just neutralize all-of^he free chlorine in the sample. Mhen^^this point ( 
Is reached, the further addition of a small amount of reducing agent no longer 
deflects the pointer to the left. On the titrator, the saiiple volume and the 
strength of the reducing agent have been selecte~d~to~Tnake~lnmlWiter of 
reducing agent equivanent to ons mtlllgram per liter of chlorine. When the 
endpoint is reached, therefore, the vol^iWe of reducing agent used represents 
the chlorine concentration in mg/1. 

Under the conditions specified in the titration procedure, the 
titration can be used to distinguish between free available residual chlorine 
and combined residual chlorine because the reducing agent employed reacts 
readily with free chlorine but does not react with combined chlorine. If 
either combined or total residual chlorine is to be measured, potassium iodide 



\ 



is added to the sanple to produce an amount of free iodine which is equivalent ; 
to the original jresidual chlorine. The reducing agent reacts readily with. frje. 
iodine so that the titration can be carried out in a manner similar to that 
used for free available residual chlorine determination. 

The electrolyte used in the inner chamber of the cell has a tendency 
to crystallize out on the contact springs and in the terminals of the cell 
unit. This may slightly corrode the electrical 'contacts between the various 
units. Imprpper electrical connections cause erratic mi croammeter-pointer — 
readings during the titration. Should any crystals accumulate., on the plastic 
cell unit, these parts should be washed off with warm water. CAUTION: Never 
use- wat^r- wa rmer-than-lOO^-fV-as-hot-water sofj:ens„theJp3:as,tic^__Mhen_ th e — 
titrator is not lo be used for extended periods, the cell unit should be 
washed out to remove all electrolyte tables and solution,* and stored dry. 

If free avai]iible residuc(l chlorine determinations are lo be made 
after potassium iodide has been used in preceding titrations, the cell unit 
should be rinsed off in several sample cups of water to remove traces of 
potassium iodide solution and buffer soWtion pfi 4. 



Occasionally, when potassium iodide if added td the sample,^ the ^ 
pointer will drop to the left and will not come back on scale' even though/ " 
the potenioirfeter is turned completely clockwise. Under these conditions^ ''^ 
the cell unit is said to have lost its sensritivity to iodine. lhis\siiu^t^^n^\l. 
is likely to arise if the titrator has been used to determine, friee chlorine 
only for extended periods of time, i.e. the cell unit h^s/not bieen exposed 
to iodine for .prolonged periods. \ 
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The sensit^ivi-ty of the cell unit can be restored by adding enough 

free iodine to the distilled water in the smaple jar to create a ye11owistu~~ 

color. The free iodine may be in the ,form of tincture of iodine or may be 
obtained by adding potassium iodide to a strong chlorine solution* Agitate 
the sample for two or three minutes and then allow the cell unit to stand in the 
iodine solution for 10 to 15 minutes. After this treatment^ the ctll unit 
siiould be rinsed off. thoroughly to remove all traces of iodine. 

The main reqijffement as far as electrolyte tablets are con^cerned is * 
to have saturated- electrolyte solution inside thevcell unit at all times. 
Theoretically, tf)js requirement is not as long as any tablets an'd water are 
in the cell uhiTt The actual water level inside the cell unit cannot be 



coHtroll^d'.since this level- tends' fo equalize with (or even go below) the 
'' water level in the sample jar through the porous wicking^ 
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Module-Title: 



Submodule Title: 



Topic: 

DPD SpectrophotometH c Method 



Objectives: 



\ 



When the participant completes this .topic they should be able to: 

1. Identify the proper apparatus and reagents needed for the DPD 

Spectrophotbmetric" method of residual chlorine anal^rsis. 
"2. Conduct a chlorine residual test using the DPD speCtrophotOi7»etric method, 
3. Translate the raw results of the method into proper units of expression. 



Iristructional Aids: 



Handout 

Lab supplies per handout 



hstructional Approach: 

t ' 

Lecturej 
Lab \ 



References: 



1. Standard Methods, 14 Ed. 

2., ManuaVfor Sanitary Chemistry and Sanitary Microbiology 
3. Linn-Benton Conmunity College, Albany, Oregon 



Class Assignnicnts: 
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Instructor Notes: 



instructor Outline: 



Handout 
Page 20' 



- 30 



1. L^t and identify apparatus and reagents needed 
for the jTiethod. • -> 

2. Den^nstrat;e the free and residual Ghl<)rine -test 
Have participant conduct test. ^ _ > 

3. Demonstrate calculation procedure. 
Have participants do calculations. 
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FREE CHLORINE RESIDUAL 
DPD/SPECTROPHOTOMETRIC METHOD 



\ 



Introduction 



Drinking water, sewage effluents and swimming .ffools are treated with. 



3\ 



chlorine to eliminate possible pathogenic bacteria.;^' /' ' 



Chlorine can jje present in water -as fsj^e- 'avail able chijDn}mvor> as>- ''^1 



confined available chlorine. Both formg. can exist in the same wateri'and be, / 



/ 



determined togfether as, the total available' Ghlorine. Free chlorine. is present 
as hypochlorite ion. Combined chlorine exists as 'mono, di, or trichloramine. 
Equipment n , / / 

Bausch and Lomb Spectronic 20 or , 

Bausch and Lomb Mini Spectronic 20 

Clippers, for opening powder pillows 

Pipette,' Volumetric, 50 ml 

Pipette, 1 & 10 ml in 1/iO ml graduations 

One liter volumetric Flask •, 

Reagents 

DPD Free Chlorine Reagent Powder Pillow or 
. Buffer & DPD Solution 
1. Buffer: 

Anhycirous Potassium Di hydrogen Phosphate 
Anhydrous^Djsodium Hydrogen Phosphate 
Distilled wateK. \ 
Disodium Ethylenediami ne , 

Tetraacetate Di hydrate al^o called \ 

\ 



( Ethyl enediY)itrilo)<^jtraacet>cAcid Sodium Salt 

. „. m .... \, ' v "• . 



Mtffcur^c Chloride ' • " _ . 'r". 

2. DPD Solution (N, N-Diethyl-p-phenylanedi amine) 
DPD Oxalate or ^ 

p-an)fno-N; N dietJ^yl aniline sulfate 
Sulfuric Acid - * - • 



Distilled Water 

1. PHOSPHATE BUFFER 

Dissolve'r24v^|an>iy<^^ di sodium hydrogen phosphate, Na2HP04, and _j| 
,,7i-46 g anhydrous' potassium dihydrogen phosphate, KH2PO4, in distilled water. : 
' ' combine jShts/^Tofution wijirlbo ml distilled water in which 0.8 g disodium. 
ethylefredi amine tetraacetate! di hydrate, also called (ethyl enedinitrilo) 

/■- '7 >, 

, tfetraacetic acid. sodium salt^ have been dissolved. Dilute to 1 liter with ^, 
i'^'^Js.^lled water and add 0.02 Ig mercuric chloride to prevent mold growth. 
ti^dV^to prevent interference in the.,free available chlorine test caused 
"i^y any trace amounts of 1odid| in the reagents. — ^ 

2. N, N-DIETHYL-P-PHENYLENEDIAHib (DPD)" 

I i ^ 
Dissolve 1 g DPD oxalate or 1.5 g p-amino-N:N diethyl aniline sulfate 
\ . ^ \ 

in-chlorine--.free,distilled wa15er* containing 8 ml of 1+3 (2535) sulfuric 

acid and 0.2 g dfsodium ethyl enedl amine tetraacetate" di hydrate also 

called (.ethyl enedinitrilo) tetj^aacetic acid solium salt.i Make up to V \ 

liter, store in; a brown glass-stoppieried bottle. Discard when this 

'1 ' ' ' ^ 

so 1 uti on pecomes" di sicol ored . 

Sample Prepariatlon 

\ " '1 

1. Take a sarble using a clean 100 iml graduated cylinder. Fill to th6 

j , — ^ , 

100 ml mar^. 



2, Place 5 mis each of buffer reagent an& DPD indicator soTutjqr^Xn 



graLduateOiaiiid^ and mix (0.5 g DPD free chlorine reagent powder mdy 
be used). A iisading must be made no longer than 1 minute dfter the 
reagent addition. ^ • 

Procedure 



1. Bausch & Lomb" Spectroffic 20 

a. Adjust the wavelength to 530 nm 



b. Cover the empty sample .compartment and adjust the zero/control so as*' i'- 
to obtain a reading of exactly 0% transmittance. , 

c. Place a test tube containing a portion of untreated s|irapIeJ,nto^the . 

compartment and adjust the Full SrJe ControVso as tq' obtain, a 1 

\ , . . . ' r ; ■ 
reading of exactly\lOO% transmittance. 



d. Place a test tube cdntaining the treated sample into.the sample 
compartmentr-iafttfWaU^^he X transmittance. Refef^to^^ table on 
the next page. \ - ^ -'^ 



2. BauscMc Spectronic 20 

a. Adjust wavelength to 530 nm, ^ 

b. Using the one half inch adapter and insert, place the opaque rod in 
the saniple compartment and check the zero adjvstment. Adjust to^a 
reading of exactly zero % transmttanceT" ^ 

c. Place a 25 m cell containing a portion of th6 untreated water sampli 




into the sample conpartment^linTlidjust^t^^^ 

..." ^ ^ ' * * 

meter reading of jaxactly 100% transnfittance, 

d. Place a 25 nm celJ-iK5fftaining the treated sample into the sample 

compartment and read the % transmittance. Refer to the table^for 

free chlorine as listed under procedures, for .Spectroni c 20^ * 

NOTES: ' , • . ^ 

1. It is not necessary for all of the particles to dissolve to obtafn an 

accurate reading. ^ . 

. - . . , ^^%'{ , 

2. If the sample turns yellow when adding DPD.Free Chior^ine Reagent or 

• \^ . 

measures less than 10% transmittance, the free chlorine concentration 1? 

/ too high and a sairple dilution is rfeeded. A slight loss of chlorjine may 

^/ . — — • 

occur to the dilution.. 
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10 
20 
30 
40 
5C' 
60 

i 

■ 70 
, 80 

r 

90 



IS 

0 . 


1 • 


2 


- 3 


«T UNITs\ 
4 ^ 5 \ 




7» 


8 .... 


T 

.--9 , 


4.00 - 


3.84 


3.68 


3.54 


3.42 


3.30 


^3.. 18 


3.08 


2.98 




2.80 


^.71*^ 


'2.63 


2.55 


2.48 


— a' 

2.41 

t 


2:34 


\e^8 


. 2.21 


2.15 


2.09 


2.04 


l>98 


1.93 


1.88 


1. 82 


1.78 


1.73 


1^58 

\ 


■ 1.64 


1.59 


1.55 




1.47 


1.43 


1.39 


1.35 


1.31 


1.28 


1.24 


1.20 


1.17 


1.14 • 


1.10 


1.07 . 


1'.04 


1.01 


*0.98 


0.95 


0.92 


0.89 


r^.86 


> 

0.83 


0.80 


0.78 




0.72 


0.70 X, 


0.67 


0.74 


0.62 


0.60 


0.57 ■ 


0.56' 

< 

/ 


0.52 


0^50 


' 0.48 


0.46 


0..,43 


<^0.41 


0.39 


0.37 


0.34 


/ 

/ 0.32"' 

/ 


---0.30 • 


0.28 


0.26 


0.24 

1 
1 


0.22 


0.20 
















■ . 1 






0.18 


0..,16. 


0.147 




,0.11 


0.09 


Q.07 


0.05 j 


0.04 


0.02 



Table taken from Page 2-29, 'Procedures, "Sl^eniical Lists and Glassware for Water and Wastewater Analysis, 

I • 
2nd Edition, Hach Chemical Co. 
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TOTAL CHLQRINE RESIDUAL 
DPD/SPECTTOPHOTOMETRIC METHOD 



Equipment . ' • ' 

Bausch & Lomb Spectronic 20 or 
Bausch &,Loinb M^ni Spectronic 20 
Graduated cylinder, 25 ml, 100 ml 

K 

Clippers, for opening powder pillows 
Pipette, volumetric, 50 ml 
Pipettes, 1 & 10 ml 

One liter volumetric flask • " • 

Reagents I ^ 

DPD total chlorine reagent powder piTows or 
Buffer and DPD Solution v 

1. Buffer ^ . , 
Anhydrous potassium dihydrogen phosphate 

Anhydrous disodium hydrogen phosphai:e 
Distilled water 

•Disodium ethyl enedi amine tetraacetate di hydrate also called 
(Etfiylenedinitrflo) tetraacetic acid sodium salt mercuric chlori 

2. DPD Solution (N, N-diethyl-p-phenylenedi amine) DPD Oxalate or 
p-amino-N:N diethyl aniline sulfatl- 

Sulfuric acid 
Distilled water 
Potassium iodide 



Reagent Preparation 

". 

1.. PHOSPHATE BUFFER SOLUTION . 

» 

Dissolve 24 g anhydrous disodium hydrogen phosphate, Na2NP04, and 46 g 
anhydrous potassium dihydrogeil phosphate, KH2PO4, in distilled water. 
Combine this solution with 100-mls-di^til-led' water in which 0.8 g disodium 
ethylene diamine tetraacetate dihydrate, also called (ethylenedinitrilo) 
tetraacetic acid sodium salt, have been dissolved. Dilute to 1 liter 
with distilled water and add 0.02 g mercuric chloride to prevent mold 
growth and to prevent interference in the test by iodide ions in the 
reagents. - * . 

2. N, N-DIETHYL-P-PHENYLENEDIAMINE (DPP) 
Dissolve 1 9 DPD oxalate or 1.5 g p-amino-N:N diethyl aniline sulfate in 
chlorine-free distilled water containing 8 mV'of 1+3 (25%) sulfuric acid 
and 0.2 g olsodium ethylenedi amine tetraacetate dihydratp^also called * 
(ethylenedinitrilo) tetraacetic acid sodium salt. Make up to one liter, 
store in a brown glass-stoppered bottle. Discard when this solution 

(^becomes discolore<l. 

3. POTASSIUM IODIDE 
Use as dry crystals. 

Sample Preparation ' 7 ~" 

1. Take a water sanple by fillfhg a clean 100' ml graduated, cylinder to the 
100 ml mark with sample solution. 

2. Add the contents of one DPD Total Chlorine Reagent Powder Pillow (0.5 g 
DPD Powder) and mix; A red color will develop if chlorine is present. 
Wait at least 3 minutes but not over 6 mtnutes before taking reading. 



Or 

Place 5 mis each of buffer feagent and DPD indicator solution in the^ 



graduated cylinder and mix- Add 10^m^ls .sampl^.-and m 

potassiijm iodide crystals and mix to dissolve. Allow to stand at least 

3 minutes but not over 6 minutes for color development. 



1. Bausch & Lomb Spectronic 20 

a. Adjust the wavelength to 530 nm- 

b. Cover the empty sample compartment and adjust the zero control for a 
reading of exactly 0% transmittance, 

c. Place a test tube containing a portion of the untreated sample into 



the sample compartment and adjust the Full Scale Control for a.reading 
of exactly 100% transmittance, ~ 
d. Pluce a test tube containing the treated sanple into the sample 

conpartment and read transmittance. Refer to the table of available 
chlorine in mg/1 vs. % Transmittance shown under Free Chlorine Analysl 
2. Bausch & Lomb Mini Spectronic 20 

a. Adjust the wavelength to 530 nm. 

b. Using the one half inch adapter and insert, place^he_opaque-T-0-d_iii - 

the sample compartment and zero the instrument. 

c. Place a 25-nm cell containing a portion of the untreated sample into 
the sample conpartment and adjust the F^ull Scale Control for a reading 



compartment and read % transmittance. Refer to the table of available 



Procedure 




d. Place a 25-nm cell containing the treated sample into the sample 
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chlorine, in mg/^ vs* X transmittance shown under Free Chlorine Analysis. 

1. If the sample turns yellow when adding the DPD reagent or measures less 
than 10^ transmittance, the chlorine concentration is too high and a 
sample dilution is necessary. A slight loss of chlorine may occur due to 
dilution. ^ 

\^ 

2. If the sanple contains wore than 2000. mg/1 alkalinity or acidity as CaCOo, 

' . \ 

the sample may not develop the full amount of color or it may fade instantly 
To overcome th^s interference, pretreat the sample to about 2000 mg/1 
alkalinity or acidity or establish a pH range between 5 and 8., Use an 
appropriate amount of acid or base that does not contain ammonium or 
chloride ions. Test the treated sample imnediately. 
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X 



30 



' 20 
30 
40 
50 

. 60 
70 
80 
90 



2.09 

1.59 

1.20 

0.89 

0.62 

0.39 

0.18 



2.04 

1.55 

1.17 

0.86 

0.60 

0.37 

0.16 



1.98 
1.51, 
1.14 
0.83 
' 0.57 
0.34 
0.14 



1.93 
1.47 

i.io 

0.80 
0.56 
0.32 
0.13 



1.88 

1.43 

1.07 

0.78 

0.52 

0.30 

0.11 



,1.82 
1.39 
1.04 
. 0.75 
0.50 
0.28 
0.09 



1.78 

1.35 

1.01 

0.72 

0.48 

0.26 

0.07 



1.73 
1.31 
0.98 
0.70 ^ 
0.46 
0.24 
0.05 



1.68 

1.28 

0.95 

0.67 

0.43 

0.22 

0.04 



1.64 

1.24 

0.92 

0.74 

0.41 

0.20 

0.02 



Table taken from Page 2-29, Procedures. Chemical Lists and Glassware for Water and Wastewater Analysis. 
2nd Edition, Hach Chemical Co. 
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Module: TUlo: 



Submbdule Title: 



Topic: 

Use -of comparator-or .Kit methods . 



Objectives: . 

When the participant completes -this topic they should be .aible to: 

1. Indicate why the kit-methods are less accurate than standard methods. 

2. Conduct a residual chlorine, tesjt using a kit method ind compare the results 

to a standard method. ^ ^ ' • . , , • 



Instructional Aids: 
Handout 

Lab supplies per handout 



Instructional Approach: 

Lecture 
Lab 



References: 

» 

!• Standard Methods 
2. Kit Instructions 



Class Assignments: 

33 



Instructor Hdtes: 


Instructor OutHne: 




1. Discuss the use of comparator or kit methods 




for chlorine. 


V 


Indicate when chlorine kits are accepted; y 


Handout 


, 2. Conduct a chlorine test using a kit method. 

• t 
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CHLORINE RESIDUAL 
( CompaxeLtar)— 



Introduction <, - ' 

• " . ' - \ 

The amount of chlorine remaining in Wastew^iter samples following 

chlorination varies ^rapidly with time .since chlorine is unst ableXn water* 

; Therefore, seonples to be analyzed for chlorine residual values cannot be 

stored and tests must be started immediately after grab, sampling. Avoid 

exposing the'sanples to excessive light arid agitation. 

Equipment \ 

Color comparators 

a. La-Motte Model #P-38 V« & R #66151-007 

b. Wallace-Tiernan Model #U-2374 

c. Hach DPD Free & Total Chlorine Test, Kit Model #CN-66 
■ Reagents ^ , ' ^ 

1. / ORTHOTOLIDINE ' ' " • 

No longer available from chemical supply houses. 

2. DPD FREE CHLORINE REAGENT POWDER PILLOWS HACH #14070-99 
DPD TOTAL CHLORINE REAGENT POWDER PILLOWS HACH #14064-99 

Procedure 

(For Wallace-Tinman Wodel) 
1. CLEAN COMPARATOR GLASS CELLS 

Use hot soapy water and a soft test tube brush. Rinse thoroughly 
with final distilled water rinse. Let cells drain dry* \y 



2. PLACE UNTREATED SAMPLE IN GLASS CELL 



Designated as the "blank" cell and place in right^and slot of 
comparator. _ ^ 
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3. PLACE ORXHOTOLIDINE REAGENT IN GLASS CELL DESIGNATED "OT^' ' . 

Use O.S ml reagent for each It) mis of^sapple. ' 

4. ADD MEASURED VOLUME OF SAMPLE ' V 

The volume is usually 10 or. 15 mis. 

5. MIX- reagent" AND SAMPLE " ^- 

Careful use of clean stirring rod is reconmended . 

6. WAIT FIVE MINUTES ^ 

7. PLACE GLASS CELL IN LEFT tiAND SLOT OF THE COMPARATOR 

Rotate the standard color disc until the color of thevStandard, as 

seen through, the untreated sanple, rnost closely matches the^ color 

-of the treated sample* ^> 
8- READ THE CHLORINE VALUg FROfi THE STANDArV COLOR WHEEL ' 
9. EXPRESS THE RESIDUAL VALUE AS; " '-^ 

Total residual chlorine (mg/l) < 

Procedure 
~ ■ ' (For La Motte Model) 

1. CLEAN COMPARATOR GLASS CELL, AS ABOVE 

2. ADD SAMPLE TO MARK .ON GLASS CELL i 

3. ADD 8 DROPS ORTHOTOLIDINE 'REAGENT TO GLASS CELL 

4. MIX REAGENT Af<D SAMPLE, AS ABOVE 

5. WAIT FIVE MINUTES - . ' . 

6. PLACE GLASS CELL IN COMPARATOR ^ , 

Put in the slot closest to the conparator window whose color most^ 
nearly matches that of the sanple. 
PETtRMINE WHICH WINDOW MATCHES THE COLOR OF THE SAMRLE 



9. 



8. READ THE CHLORINE RESIDUAL VALUE NEXT TO THE WINDOW 



\ 
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9. EXPRESS THE CHLORINE RESIDUAL' VALUE AS: . " • 

To ta"" residual chlori fie (mg/1) . ' '^"^ 
NOTE: These procedures measure total residual chlorine.^ If free res^idual 
chlorine Is desired, read immediately after the addition of orthotolidine 
without the five minute wait. ' . , ' 

If combined residual chlorine is desired subtract the free value from the^ 
total value. - 
(Hach, Test' Kit) Total ChloriJie Residual- 

1. COLLECT SAMPLE 

2. CLEAN GLASS CELL AS ABOVE , 

3. PLACE UNCHLORINATED SAMPLE IN BOTH CELLS 

4. ADD REAGENTS ' 

Use nail clippers to open powder pillows ' • 

5. IF POSITIVE TEST DPD CANNOT BE USED ON THIS WATER SAMPLE 

6. IF RESULTS OF THIS REAGENT ADDITION ARE NEGATIVE, RINSE BOTH CELLS 

■> " ■ ■■■■ ■ ■ ■■ 

AND ADD' CHLORINATED, SAMPiE JO. BOTHu CELLS :- 



7. ADD DPD TOTAL RESIDUAL CHLORINE REAGENT POWDER PILLOW. 

■ • . n — . 

8. STIR REAGENTS AND SAMPLE 

9. WAIT UNTIL FULL COLOR DEVELOPS, FIVE MINUTES 

10. ROTATE COLOR WHEEL UNTIL THE COLOR OF THE STANDARD, AS SEEN THROUGH THE 
UNTREATED SAMPLE, MOST CLOSELY MATCHES THE TREATED SAMP4.E 

11. READ AND RECORD IN mg/l TOTAL RESIDUAL CHLORINE 

NOTE: If free residual-chlorine is deflred, carry out^the steps described 
above usiirg free residual chlorine powder pillows In pUctriof <tbtal chlorine 
residual pow*r>tlJcws. Jiecord as free residual chlorine In mg/l. 
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Nodji^le Ho: 


Module. Title:--' 
Chlorine in Water 


> 


f 






Subinodule Title: 








1 Approx. Time: 










Topic: 




\ 


sr 




SUM1ARY 







Objectives; ^ ^ ' . . ^ . . ^ 

When the participants conplete this topic they /should be able to^^.^ 

!• Compare and contrast methods .for residual/.and free chlortti'e and select a ' 
method best suited for an individual plant. 



Instructional Aids: 
All handout? 



Instructional ApproacH: 



Discussion 



References^; 
Standard Methods 



Class Assignments; 



^ ' Page Z6 



Hodule Hp: ^ 



Topic: 



?Instructo'^ Notes: 



Instructor Outrine: 



•I 



Compare and contrast the methods for chlorine. 

Discuss: 

Speed 

Cost 

Accuracy 
Precision 
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Module No: 


Module Title: 

Chlorine In Water \ 




buDmouuie 1 It le: 


Approx* Time: 


/ * . ' 




EVALUATION , . 


Objectives: 




Practical 




Determining: the amount of residual chlorine in a given sample using one the 


■* - « 

methqds from this module. Reagent apparatus and procedure "sheets will be provided, 

< 
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